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TEMPERATURE AND DENSITY ALTITUDE CONSIDERATIONS FOR DESIGN

OF ARMY HELICOPTERS

1. BACKGROUND

- THE BASIC DESIGN CRITERIA FOR THE DEVELOPMENT OF ARMY HELICOPTERS

REQUIRE THAT AIRCRAFT BE CAPABLE OF HOVERING OUT SF GROUND EFFECT AT AN

ALTITUDE OF ERR0 FEET WHEN TH TEMHPERATURE 13 5ME THIS REQUIREMENT
COMMONLY REFERRED TO AS THE ARMY HOT DAY REQUIREMENT) IS MORE SEVE'.RE

THAN THE CRITERIA IN USE FOR AIR FORCE AND NAVY AIRCRAFT, AND HAS BEEN

QUESTIONED BY AUTHORITIES FAMILIAR WITH HELICOPTER OPERAIONS, THE

6,000 FOOT DES:GN TEMPERATURE OF THE AIR -ORCE AND NAVY IS 810 " REQUIR-
ING AN AIR FRAME WEIGHT APPROXIMATELY ONE-IHALF THAT NECESSARY TO MEET THE

ARMY STANDARD.>"

FREQUENCY OF OCCURRENCE OF HIGH TEMPERATURES AT ELEVATIONS UP TO

61500 FEET IN THE WARMER LATITUDES IS PRESENTED IN THIS STUDY IN ORDER

THAT THE CURRENT ARMY HOVERING CEILING REQUIRE1ENT CAN BE EVALUATED.()

2. PRESENTATION OF DATA

A. ALTITUDE DELIMITATION

BEFORE T't. CURRENT ARMY HOT DAY.REQUIREMENT WAS ADOPTED, APPAR-
ENTLY AN ALTITUDE REQUIREMENT OF 6,00"0 FEET WAS ESTABLrSHED FOR HELICOPTERS
;'OVERING OUT OF GROUND EFFECT. WITH THIS CEILING ".IIT NMIND FIGURE 1
WAS PREPARED TO SHOW THE GLOBA. DISTRIBUTION OF HIGHLANDS IN TWO CLASSES.

THE "MODERATELY HIGH" AREAS IN BLACK (I3ETWEEN 1,000 AND 2,000 METERS OR
3,280 AND 6,560 FEET) ARE or PRIMC INTEREST SINCE THEY ARE THE AREAS OF
HIGHEST ALTITUDES AT WHICH HELICOPTERS CURRENTLY ARE EXPECTED TO O:ERATE

UNDER ALL TEMPERAIURE CONDrITIONS. SINCE HIGH TEMPERATURES ARE NOT AS

FREQUENT AT HIGH LATITUDLS, THE STUDY /AS LIMITED TO AN ANALYSIS OF TEM-
PERATU?1.S RECI4E" BTWEEN LATITUDE3 150oN AND 4 5 CS AT "MODERATELY HIGH"I

ALTITUDES. FROM-.TH. M4AP IT CAN BE SEEN THAT "MODERATELY HIGH" AREAS

ARE MOS' EXTENSIVE IN SOUTF .tN ASIA, SOUTHERN AFRICA, AND WESTERN UNITED

STATES AND MEX!CO. THEY AR- NOT EXTENS,VE IN'AUSTRALIA AND SOUTH AMERICA

OR IN EUROPE SOUTH OF 45N..

B. TEMPE ATURE REGIMES. DURING WARMEST MONTH

TEMPERATURE MEASUREMENTS THROUGHOUT THE WORLD ARE GENERALLY

HAPE UNDER "ISTANDARD" CONDITIONS IN INSTRUMENT SHELTERS AT HEIGHTS RANGING
FROM ABOUT FOUR TO EIGHT FEET. DURING THE WARMER PERIOD OF THE DAY TEM-

PERATURE DIFFERENJCES BETWEEN THE "STANDARD" LEVEL AND THE HEIGHT OF

GROUIID EFFECT ON HOVERING HELICOPTERS (ABOUT 10 TO 20 FEET WITH CURRENT
ROTOR LENGTHIS) ARE SMALL. IT IS THEREFORE POSSIBLE TO APPLY "STANDARD"
MEASUREMENTS TO TIlt HELICOPTER DESIGN REQUIREMENT PROBLEM.

.'. ,,



THE PERCENTAGE OF TIME DURING THE WARMEST MONTH THAT "STANDARD"

TEMPERATURES ViERE ABOVE 80*, 850 900, 95% 1000, AND 105°F WAS DETERHINED

FOR, A NUMBER OF STATIONS iN THE "MODERATELY HIGH" AREAS OF THE WORLD. AT

THE MAJORITY OF STATIONS THESE PERCENTAGE FREQUENCIES WERE ESTIMATED FROM

CONSIDERATION OF THE AVERAGE TEMPERATURE AND THE AVERAGE DAILY RANGE OF

TEMPERATURE DURING THE WARMEST MONTH USING A TECHNIQUE DEVELOPED BY SPREEN.*

ACTUAL PERCENTAGE FREQUENCIES WERE AVAILABLE FOR UNITED STATES STATIONS

AND A FEW STATIONS THROUGHOUT THE WORLD. ALL FREQUENCY DATA ARE PRESENTED

L , "IN TABLE 1 ALONG WITH MEAN DAILY MAXIMUM AND ABSOLUTE MAXIMUM TEMPERATURES

'OF THE WARMEST IMONTH.

TIME DID NOT ALLOW FOR ESTIMATION OF FREQUENCY OF HIGH TEMPERATURES
FOR ALL MONTHS. THE ANNUAL FREQUENCY OF OCCURRENCE OF TEMPERATURES ABOVE

THE GIVEN LEVELS, HOWEVER, CAN BE ROUGHLY ESTIMATED BY MULTIPLYING THE PER-

'CENTAGE FREQUENCIES IN TABLE 1 BY THE FOLLOWING FACTORS:

STAiION LATITUDE 0" - 200 200 4 j50

PERCENTAGE Or TIMr EXCEEDED PERCENTAGE OF TIME EXCEEDED

TEMPERATURE (*F) 80 8- 90 95 80 85 90 95 100

FACTOR 055 .50 .38 .25 .35 .31 .28 .21 .15

THESt FACTORS WERE DETERMINED EMPIRICALLY FROM ANALYSIS OF TEMPERATURE FRE-
QUENCiES AT TEN STATIONS DURING ALL MONTHS. A FACTOR AS LOW AS .08 WOULD
INDICATE THAT TEMPERATURES ABOVE THE GIVEN VALUE USUALLY OCCUR DURING THE

'WARMEST MONTH WHILE*A FACTOR OF 1.0"WOL. L4 INDICATE THATTEMPERATURES ABOVE

THE _GIVEN VALUE PROBABLY OCCUR IN EVERY MONTH. IT CAN BE SEEN THAT HIGH

TEMPERATURES ARE'NOT RESTRICTED TO ONE MONTH. AT LOW LATITUDE STATIONS

---- TEMPERATURES ABOVE'80OF MAY OCCUR EQUALLY AS OFTEN IN AS MANY AS SIX MONTHS.

IN iHE HIGHER .LATITUDES# HOWEVER, TEMPERATURES ABOVE 9RF OR 100°F NORMALLY
OCCUR ONLY IN THE TWO OR THREE WARMEST MONTHS.

C. DENSITY ALTI TUDE

*. THE DENSITY AL.TITUDES THAT WERE EXCEEDED FIVE PERCENT OF THE TIME

INTHE WARMEST M4ONTH,- .IS PRESENTED IN THE FINAL COLUMN OF TABLE 1. THESE

FIGURE SVWRE ALSO USED IN.THE PREPARATION OF FIGURE 2 WHICH IS A SCATTER

DIAGRAM or jDENSITY ALTITUDE VERSUS STATION ALTITUDE.

* " DENSITY ALTITUDE REFERS TO A THEORETICAL DENSITY WHICH WOULD EXIST

IN A STANDAR9 ATMOSPHERE AT A GIVEN HEIGHT. THIS STANDARD ATMOSPHERE HAS

*SPREEN, WiLLIAM C. EmPIRICALLY DETERMINED DISTRIBUTIONS or HOURLY TE.-

PERATURES JOURNAL OF' YETEOROLOGY, VOLUME 13,- AUGUST 19T5", WiASHINGTbu, D.C.

7""7 7 7.
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A PRESSURE OF 29.92" OF HG AND A TEMPERATURE OF 590F AT SEA LEVEL. THE

ASSUMED TEMPERATURE LAPSE RATE IS 3.56F PER THOUSAND FEET; THUS IN THIS

STANDARD ATMOSPHERE, AT AN ELEVATION OF 2,000 fEET, THE TEMPERATURE WOULD
BE ABOUT 70F LOWER THAN THE SEA LEVEL TEMPERATURE. WHEN TEMPERATURES ARE

HIGHER THAN TIlE 11STANDARDit TEMPERATURE THE DENSITY OF THE AIR WILL BE

LESS AND IILL BE EQUAL TO THE AIR DENSITY AT SOME HIGHER ALTITUDE WHERE

THE itSYANDARDit TEMPERATURE PREVAILS. THIS THEORETICAL HIGHER ALTITUDE IS

CALLED THE DENSITY ALTITUDE.

THE DENSITY ALTITUDE AT EACH STATION WAS COMPUTED BY FIRST ESTIMATING

THE TEMPERArURE WHICH IS EXCEEDED FIVE PERCENT OF THE TIME IN THE WARMEST

MONTH (FROM TABLE 1) AND THEN COMPUTING THE DENSITY ALTITUDE FROM A CHART

WHICH PRESENTS DENSITY ALTITUDE AS A FUNCTICU o TEMPERATURE AND ALTITUDE

(FIGURE 3 - THE CHART WAS ENLARGED FROM TM 1-260. PRINCIPLES OF ROTARY
WING FLIGHT, SEPTEMBER 1957). THE DENSITY ALTITUDES SO DERIVED ARE ONLY

APPROXIMATIONS BECAUSE HUMIDITY AND PRESSURE VARfATIONS FROM NORMAL WERE

NOT CONSIDERED AND BECAUSE THE "|FIVE PERCENTit TEMPERATURES WERE ESTIMATES.

WIND ALSO WAS NOT CONSI3ERED ALTHOUGH IT HAS A DEFINITE EFFECT ON HOVERING

CEILINGS. WHEN TEMPERATURES ARE HIGH THERE IS USUALLY SOME AIR MOVEMENT

AND THE HOVERING CEILING IS RAISED.

.3. DISCUSSION OF DATA

FROM FIGURE 1 IT CAN BE SEEN THAT A SUBSTANTIAL PERCENTAGE OF THE

LAND BETWEEN 450N AND 4503 CAN 6E CLASSED AS HIGHLANDS AND IS POTENTIALLY

A CHALLENGE TO HELICOPTER OPERATIONS. OF COURSE NOT CNLY THE AMOUNT OF

SUCH LANDS BUT ITS DISTRIBUTION IN STRATEGIC AREAS OF THE WORLD IS SIGNI-

FICANT.

HIGH TEMPERATURES AT MODERATE ELEVATIONS OCCUR MOST FREQUENTLY IN

THE SOUTHERN PORTIONS oF ASIA AND NORTH AMERICA. KERMAN, IRA*N, ATITUDE

6,100 rEET, HAS TEMPERATURES ABOVE 95F 18 PERCENT OF THE TIME IN JULY

AND THE AVERAGE CAILY MAXIMUM DURING THAT MONTH 13 101°F; KABUL, THE
CAPITALOF AFGHANISTAN, AT 5,895 FEET, HAS A MEAN*DAILY MAXIMUM IN JULY
or 92*F AND TEMPERATURES ARE ABOVE 95°F six PERCENT OF THE TIME. THE
TEMPERATURE REGIMES AT THESE STATIONS ARE EXTREME BUT ARE INDICATIVE OF

THE OCCURRENCE OF APPRECIABLE APEAS OF HIGH HOT LANDS IN SOUTHWEST ASIA.

IF MORE CLIMATIC DATA WERE AVAILABLE FROM THIS REGION THERE WOULD UN-

DOUBTEDLY BE MANY MORE REPORTS OF SIMILAR HOT CONDITIONS AT MODERATE

ELEVATION.

IN NORTH AMERICA TEMPERATURES AT MODERATE ELEVATIONS ARE MOST EX-
TRiME IN CENTRAL MEXICO WHERE CAMARGO 5,323 FEET, HAS A JUNE MEAN DAILY
MAXIHUM OF 108OF AND TEMPERATURES CAN BE EXPECTED TO BE ABOVE 950F NEARLY

A QUARTER OF THE MONTH. IN THE SAME AREA, LAGOS, 6,138 FEET, HAS TEM-
PERATURES ABOVE 950F ELEVEN PERCENT OF THE TIME IN AN AVERAGE JUNE.

TEMPERATURES ARE GENERALLY NOT AS HIGH AT THESE ELEVAIONS IN THE UNITED

3



P71-

TTS NEETEE~ MEA DAL AIU-EPRTRSA0E8' CU

'ATATTDSU ~ TO .0 ETADTCPRT SAOE FOCRA L

Y~s'0TESioI REETHLSSMEAC REAOLT AX"IGM TMPERATURES ATV HIGH OCCUR

TI-ONS A", QARTERMASTER RESEARCH & ENGINEERING COMMAND, NATICK,, MASSACHU-
SETTS, JANUARY 1958.

IN FIGURE 2 IT CAN BE SEEN THAT AT ANY GIVEN ALTITUDE IN TROPICAL
'AND-TEMPERATE LOCATIONS THE DENSITY ALTITUDE DURING THE WARMEST MONTH
VARIES BY ABOUT'2,00 FEET FROM THE COOLEST TO THFf WARMEST STATIONS, AND

* THE DENSITY ALTITUDE IS MORE A FUNCTION OF ALTITUDE THAN IT IS OF TEM-
PERATURE. TEMPERATURES ARE AN IMPORTANT DETERMINANT OF DENSITY ALTITUDE,
PUT THE DETERMINATION OF THE ALTITUDE CEILING AT WHICH HELICOPTERS SHOULD
*BE EXPECTED TO HOVER IS THE MOST IMPORTANT ASPECT OF THE HELICOPTER DESIGN
REQ UIREMENT PROBLEM.

THE BLUE LIN4E IN FIGURE 2 IS THE DENSITY ALTITUDE OF THE "ARMY HOT
-.DAY REQUIREMENT". THE RED LINE IN THE FIGURE IS THE DENSITY ALTITUDE OF

THE AIR FORCE-NAVY "HOT ATMOSPHERE". THE RELATIVE MERITS OF THE TWO
3 TANDARDS CAN ONLY BE DETERMINED WHEN THE REQUIRED CEILING HEIGHT AND THE
AMOUNT OF RISK TO BE ALLOWED ARE DETERMINED. THE GEOGRAPHICAL DATA IN

* THI'S REPORT WILL ASSIST IN THE DETERMINATION oF THE RELATIVe MERITS OiF

--,THE TWO STANDARDS.
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